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Abstract: 
 
This paper presents a laboratory study using the triaxial apparatus on the influence of monotonic 
preloading on the liquefaction resistance of soil. The study is carried out via a multiple drained 
monotonic and undrained cyclic tests. The samples are firstly subjected to a monotonic drained 
loading until an axial strain of 2.25% (contractancy phase), 4.5% (end of contractancy phase) and 
9% (dilatancy phase). For each preloading, cyclic tests have been conducted with different loading 
amplitudes. The obtained results are highly dependent on preloading amplitude: the liquefaction 
resistance increases with the application of a prealoading on the contracancy phase with an axial 
strain ε1 = 2.25%, then it decreases when the preloading increase to ε1= 4.5% and arrive at a lower 
resistance than the intact soil when ε1 = 9% (dilatancy phase). 
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1. Introduction 
 
Several soils encountered in geotechnical engineering applications are a mixture of sand-Clay or sand-
silt. Their use inquires a reliable knowledge of their properties and their mechanical behavior. 
Finn et al (1970) [1] investigated the influence of loading path on the liquefaction resistance of sands. 
They found that this resistance increases when the soil sample is firstly subjected to a small cyclic 
loading followed by a drainage. On the other hand, some authors reported that a large amplitude 
preshearing may induce a decrease in the cyclic strength. Ishihara and Okada (1978) [2] and Luong 
(1980) [3] explained this behavior by the concept of Transformation Phase Line or Characteristic Line ; 
they indicate that any cyclic loading followed by a drainage in the contractant zone leads to a soil 
densification that don't affect the structure, in other term an increase in the cyclic shear resistance. 
Conversely, a preloading path until the dilatant phase may lead to an new structure with a lower 
resistance.  
Ishihara et Okada (1982) [2] studied the influence of large preliminary distortion on the liquefaction 
resistance of sand. Experimental tests have been conducted using the triaxial apparatus according to 2 
procedures. In the first one, the initial loading cycle is stopped when the deviatoric stress drops to zero, 
while in the second procedure, the initial cycle is continued by an extension or a compression loading in 
order to cancel the residual strain. They deduced a slight influence of preliminary deformation on the 
cyclic shear resistance when the preliminary loading is finished by a compression phase.  Contrary, 
when the initial loading is finished by an extension phase, the behaviour of the sand seemed highly 
contractant and the resistance to cyclic shear is highly reduced. Wichmann at al. (2005) [4] show that a 
sample not subjected to initial preshearing presents a small liquefaction potential whereas the samples 
initially subjected to low level of preshearing may present a high liquefaction potentiel. 
Bouferra et al.(2007) [5] analysed the influence of preloading on the cyclic behaviour of Hostun Sand. 
They found that the prealoading significantly affects the liquefaction resistance, in particular this 
resistance decreases in the case of large amplitude of preloading in compression or in extension; the 
reduction is more pronounced in the case of compression preloading. 
This paper presents a thorough analysis of the influence of monotonic drained loading on the 
liquefaction resistance of the soil using the triaxial apparatus. The soil consists of a mixture of Sand 
(Chlef-Algeria) and Silt (Oued of Chlef-Algeria). This preloading is carried out in the contractancy 
zone, at the limit of contratancy/dilatancy phases and finally in the dilatancy phase. Results of triaxial 
tests allow a better and clear understanding of the influence of monotonic preloading on the liquefaction 
resistance of the soil. 
     
2. Experimental Program 
Laboratory tests are carried out on a mixture of Sand (Chlef-Algeria) and silt (Oued of Chlef-
Algeria). The sand particles are rounded with a median grain size D50 =0.61mm, while the silt is of  low 
plasticity with a plasticity index Ip = 6%. The survey is performed for a fraction of fines varying until 
40% for cyclic tests. The experimental program includes cyclic undrained tests on samples with a 
density index Id=0.65.  Cyclic loadings are performed for the following set of cyclic loading amplitude : 
20, 30, 40, 50, 60 and 70 kPa which corresponds to a cyclic stress ratio CSR =0.35, 0.30, 0.25, 0.20, 
0.15and 0,10  respectively. The Liquefaction is induced when the pore pressure attains the initial 
effective confining σ’c. Figure 2 show the variation of minimum void ratio (emin), maximum void ratio 
(emax) with fines content. Tables 1 summarize the physical characteristics of the tested soils. The 
experiments are conducted using the triaxial apparatus GDS (Minidyn2Hz) where the cylindrical 
specimens were produced to a height and diameter of 70 mm. The cell confinement is controlled by a 
GDS (pressure/volume). Another GDS maintains the back pressure in the sample. The system comprises 
a vacuum pump, a demineralized water tank, a vacuum manometer and a mold to prepare the sample. 
The specimen was saturated by injecting CO2 gas during 20 minutes then de-aired and demineralized 
water. The specimen were isotropically consolidated until the effective confining pressure preceding the 
loading.  The back pressure used in the experiments is 400 kPa while the confining pressure is 500 kPa. 
The degree of saturation is verified by the Skempton coefficient B after consolidation. After this step, 
the drainage lines were closed and the transducer was initialised to zéro.  
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Fig.1. Grain size distribution of clean sand                  Fig.2. Variation of maximum and minimum 
           and silt used in this study.                                           void ratio versus fines content. 
 
Tableau 1 : Properties of Sand and Silt (Chlef) 
 
 Sand  Silt 
Properties Chlef Properties Chlef 
Density 2.68 Density 2.70 
emax 0.854 emax 1.42 
emin 0.535 emin 0.73 
Cu (D60/D10) 3.38 Liquid limit (LL) 27.06 
D10 0.225 Plastic limit (PL) 22.25 
D50 0.61 Plasticity index (Ip) 6 
Particles form rounded   
 
 
3. Results and discussions 
3.1 Influence of fine content 
 
   Figures 3a and 3b show the evolution of the liquefaction potential and the cyclic liquefaction 
resistance with the number of cycles Nc. Note that the liquefaction resistance is defined by the ratio of 
cyclic stress inducing the liquefaction for 15 cycles ( Ishihara 1983) [6]. It can be seen that liquefaction 
potential of the tested sand-silt mixture decreases with the increase in fine content until an fine content 
of 40%. These results well agree those obtained under monotonic test that show that increasing fines 
content expand the contratancy phase ( Arab et al. 2008) [7] which reduces the liquefaction potential. 
Also note that for the studied loading level, the increase in loading amplitude induce an acceleration of 
the liquefaction. 
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                                        (a)                                                                                 (b)      
Fig.3. Influence of fine content on liquefaction potential of the Sand-Silt mixture 
 
3.2 Influence of monotonic preloading 
 
A series of cyclic triaxial tests are carried out on several specimens of sand-silt mixtures with a 
fine content Fc=10% and an initial density  Id=0.65. The samples are firstly subjected to monotonic 
drained loading until an axial strain of 2.25% (contractancy phase), 4.5% (end of contractancy phase) 
and 9% (dilatancy phase). The obtained results of preloading phases are depicted in figure 4. The 
preloading is stopped for a zero deviatoric stress. 
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Fig. 3. Monotonic Pre loading held (retained) in this study (ε1= 2.25%, 4,5%, et 9%). 
Chlef sand-Silt mixture (FC = 10%). 
 
In order to analyze the effect of monotonic preloading on the liquefaction resistance, several 
cyclic tests have been firstly conducted without preloading. Results of these tests are depicted in figure 4 
for three levels of deviatoric stress qm= 30, 40 and 60 kPa. Same levels of deviatoric stress are 
maintained in the case of cyclic tests with preloading at ε1=2.25 and 4.5% while for ε1=9%, the 
amplitudes of deviatoric stress are qm = 20, 30 and 40 kPa. The preloading is stopped when the required 
axial strain is reached, then the specimen is unloaded until cancellation of deviator stress. 
Figures 5, 6 and 7 illustrate the obtained results under different preloading levels. It can be seen 
that the preloading affects the liquefaction resistance of the soil. However, the influence depend on the 
loading amplitude.  
For a preloading at ε1 = 2.25%, the liquefaction resistance is improved. For example, when qm = 
30 kPa, the cycles number required to the liquefaction is Ncyc =43 cycles (fig 5.a) compared to 19 cycles 
when no preloading is applied (fig 4.a). This improvement could be explained by the fact that the 
preloading is achieved in contractant domain, which lead to a densification of the mixture and an 
amplification of it’s dilatancy. The same trend is observed for the amplitude level of deviator stress 
qm=40 and 60 kPa. 
For a higher preloading amplitude (ε1 = 4.5%), the improvement in liquefaction resistance is 
reduced.  The number of cycles inducing the liquefaction for qm=30 kPa is Ncyc = 27 (fig 6.a). However, 
It stills higher than that obtained for intact soil (without preloading). The same trends is observed for 
higher amplitude of qm (40 and 60 kPa). 
Moreover, when the sample is subjected to a preloading at an axial strain ε1 = 9%, the 
liquefaction resistance is very affected. This amplitude of preloading seems to be very detrimental on the 
liquefaction resistance. 3 cycles are sufficient to reach the liquefaction for qm = 30 kPa (figure 7.b), 
which is considerably lower than result obtained for intact soil (Ncyc=19). A preloading that attains the 
dilatancy phase have a critical and detrimental effect on the structure of the soil and reduce significantly 
it's liquefaction resistance. This result confirms the observation of Ishihara and Okada (1978) [4] and 
Luong (1980)[3]. 
The influence of preloading on the liquefaction potential is summarized in figure 8a. This figure 
clearly show that the liquefaction resistance is improved with a preloading in contratancy phase and 
reduced dramatically for a preloading in dilatancy phase. Indeed, note an improvement in the 
liquefaction resistance for a preloading ε1 = 2.25% (contratancy phase), then the resistance decreases for 
ε1 = 4.5% (end of contractancy phase) and continue its diminution for ε1 = 9% (dilatancy phase) until 
going down the resistance of intact soil. Figure 8b show the evolution of the liquefaction resistance after 
15 cycles for different preloading levels. The liquefaction resistance increases from 0.16 (intact soil 
without preloading) to 0.22 for a soil subjected to a preloading in the contratancy phase (ε1 = 2.25%). 
Then this resistance drops to 0.16 for a preloading to a limit state between contratancy and dilatancy, 
and finally it decreases to a value of 0.1 for a preloading in the dilatancy phase. 
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                           (a)                                                   (b)                                                  (c)  
Figure 4: Cyclic test on Chlef sand-silt mixture without preloading  
(Fine Content = 10%, qm = 30, 40 et 60 kPa)  
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                           (a)                                                (b)                                                   (c) 
Figure 5 : Influence of preloading at a preloading ε1=2.25% (qm=30, 40 et 60 kPa) 
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                           (a)                                                (b)                                                   (c) 
Figure 6 : Influence of preloading at a preloading ε1=4.5%, (qm= 30, 40 et 60 kPa) 
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Figure 7 : Influence of preloading at a preloading ε1= 9% (qm=20, 30 et 40 kPa) 
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 (a)                                                                              (b)    
Figure 8 : Influence of the preloading on liquefaction resistance of Chlef Sand-Silt mixture  
(Fine Content = 10%) 
Conclusion 
This paper presented the main results of a laboratory study related to the influence of monotonic 
preloading on the behaviour of sand-silt mixtures. 
A series of monotonic and cyclic tests were firstly conducted for different fine content. They clearly 
show that the presence of fine elements reduces the liquefaction potential by amplifying the 
contractancy phase.  
Cyclic triaxial tests are then conducted on several specimens of sand silt mixtures at 10% of Fine 
content subjected to monotonic preloading. The obtained results show that the liquefaction resistance is 
highly dependent on the preloading amplitude. This resistance increases when the preloading is applied 
in the contractancy phase that induces a densification of the sand-silt mixture and consequently an 
amplification of the dilatancy. Also note that the development of axial strain is delayed. However, this 
trend is reversed when the preloading is applied in the dilatancy phase that have a detrimental effect on 
the structure and consequently a reduction of the liquefaction resistance. 
For a middle state and when the preloading is applied at the end of contractancy phase, the liquefaction 
resistance is comparable to the resistance of the soil not subjected to an initial preloading. 
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